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SUMMARY
Background: Idiopathic pulmonary fibrosis (IPF) is the most common idiopathic interstitial disease of the lung and has the worst prognosis of all such diseases, with a median survival time of three to four years. Its prevalence is 2-29 per 100 000 persons and its incidence approximately 10 per 100 000 persons per year, with an upward trend.
Methods: Selective literature search in the EMBASE and PubMed databases for pertinent publications from 1996 to 2012, with special attention to randomized controlled trials Results: IPF manifests itself clinically with exertional dyspnea, dry cough, and inspiratory crepitations (sclerosiphonia). The diagnosis is confirmed by the demonstration of a usual interstitial pneumonia (UIP) pattern in a highresolution thin-slice CT (HRCT) of the lungs, or else histologically by lung biopsy, along with the exclusion of other causes such as asbestosis or connective tissue disease. In 15 randomized controlled therapeutic trials carried out since 2004, most of the drugs that were tested, including immune suppressants, were found to be ineffective against IPF or even harmful. Only pirfenidone lessens the annual reduction of pulmonary volume (FVC, forced expiratory vital capacity) and of the distance walked in 6 minutes by about 30%, with corresponding improvement of progression-free survival, but without any significant lessening of overall mortality (placebo, 10%; pirfenidone, 8%). Pirfenidone also commonly causes gastrointestinal and cutaneous side effects. The efficacy of N-acetyldysteine and nintedanib has not yet been definitively demonstrated. Lung transplantation is the only current treatment that enables long-term survival.
Conclusion: IPF has a worse prognosis than many types of cancer. Drugs can delay the progression of the disease but probably cannot bring it to a permanent standstill. ►Cite this as : Behr (Figure 1 ) (2). The histological pattern of UIP was recognized as being characteristic of the clinical picture of idiopathic pulmonary fibrosis (IPF), which is progressive, fatal fibrotic interstitial lung disease of unknown origin.
New knowledge of the etiology and pathogenesis of IPF, technical advances in radiological diagnostics, and new treatment approaches have led to a revision of the existing guidelines (3-5). These factors are described below.
Methods
This article is based on a selective search of the literature in EMBASE and PubMed (search period 1996 to 2012). The search involved the following search terms, in varying combinations: "human," "fibrosis," "pulmonary," "lung," "idiopathic," "pathogenesis," "clinical trials," "treatment outcome," "random." Definition IPF is chronic, progressive, fibrotic interstitial pneumonia of unknown origin, usually affecting older people. It is restricted to the lungs and associated with a histopathological and/or radiological pattern of UIP (4, 5) . A diagnosis of IPF requires that other forms of interstitial lung disease are ruled out.
Epidemiology
IPF affects older adult patients with a peak prevalence around age 65 years. With a prevalence of 2 to 29 per 100 000 and an incidence of approximately 10 per 100 000/year, IPF meets the criteria for classification as an orphan disease. However, it is up to 10 times more prevalent in population groups aged over 70 years as compared to the mean prevalence in the total population (6, 7) . The median survival time following diagnosis of IPF is 3 to 4 years; its mortality rate is therefore higher than that of most cancers (e1). Patient numbers are rising overall; it is impossible to tell whether this is merely a reflection of demographic change and improved diagnosis or a real increase in the Medizinische Klinik V, Klinikum der Universität München: Prof. Dr. med. Behr frequency of IPF (7) . The diagnosis and treatment of IPF poses a particular challenge in older patients, as a result of comorbidities.
Etiology, pathogenesis
Although the cause of IPF is unknown, the results of recent research have shed some light on the matter. For example, in cases of familial and sporadic pulmonary fibrosis there was evidence of mutations of the genes for surfactant proteins A and C, telomerase complex mutations, and single-nucleotide polymorphism in the MUC5B promoter. These are causally associated with IPF (4, 5, e2, e3) .
Regarding the pathogenesis of IPF, it is currently accepted that alveolar epithelial cell apoptosis leads to the following processes:
• Disruption to regeneration Together with the aging process, exogenous factors observed in association with IPF, such as viral infections, inhaled toxins (e.g. cigarette smoke), and microaspiration of gastric acid, can trigger alveolar epithelial cell apoptosis and thereby disease manifestation and progression (4, 5) . Figure 2 shows a current view of the pathogenesis of IPF.
Disease progression
IPF progresses heterogeneously. The best method of determining progression is to identify a decline in FVC (forced vital capacity). Regular lung function checks to measure vital and diffusing capacity are therefore recommended at intervals of three to six months (5) . Functionally stable patients show decline in FVC of a maximum of 5% of the target value over 6 to 12 months (8) (9) (10) . A decline in FVC of 5 to 10 percentage points indicates prognostically relevant progression, while a decline of 10 percentage points or more in six months is associated with a fourfold to eightfold increase in the risk of death in the next 12 months (8-10).
Acute exacerbations are an important aspect of the clinical progression of IPF. These are characterized by an increase in shortness of breath over a period of 30 days and a high-resolution computed tomography (HRCT) showing new infiltration of the lungs with no identifiable cause. Their frequency is 5 to 15% per year and they are associated with high mortality. Following an acute exacerbation of IPF approximately 50% of patients die within three months, and approximately 80 to 90% within 12 months (11).
Diagnosis
The onset of clinical symptoms is insidiuos. Symptoms include shortness of breath on exertion and a dry cough. Some patients report an initial, flu-like malaise.
On physical examination, auscultation almost always (in ≥90% of cases) reveals inspiratory crepitations, particularly basally and basolaterally, i.e. in the areas of greatest respiratory movement (e4). This finding should always be further explored via lung function testing that includes measurement of diffusion and radiologic imaging.
Further clinical signs are hippocartic nails (in approximately 50% of cases) and finger clubbing (approximately 20%) (4, 5) . In advanced cases signs include cyanosis, dyspnea at rest, and signs of right-sided ventricular stress.
Lung function testing, including spirometry, wholebody plethysmography, and measurement of diffusion, can be used to identify restricted lung volume and abnormal gas exchange objectively. It can also assess the severity of IPF, with the resulting implications for prognosis. However, normal lung function does not rule out incipient IPF.
High-resolution computed tomography (HRCT) (slice thickness ≤ 2.0 mm, no contrast media) should always be performed to confirm clinically suspected interstitial lung disease (4, 5) . The radiological criteria for a UIP pattern are subpleurally and basally predominant increased interstitial striation with honeycombing and sometimes traction bronchiectasis (dilated bronchi caused by shrinkage of the surrounding lung tissue) (4, 5) . There must also be an absence of extensive groundglass opacities, consolidation, cysts, granulomas, or microgranulomas (4, 5) . Figure 3 shows an example of a typical UIP pattern on HRCT. If HRCT shows a definite UIP pattern and no cause for the pulmonary alterations can be identified, IPF can be diagnosed. The differential diagnosis of IPF is extensive and difficult. It should take into account both a detailed medical history-including occupational exposures (e.g. asbestos), private exposures (e.g. bird ownership), and a comprehensive drug history-and immunological biomarkers (rheumatoid factor, cyclic citrullinated peptide, and antinuclear antibodies) (5). The value of bronchioalveolar lavage (BAL), the results of which aid differential diagnosis (12), is rated differently by different parties internationally. For example, in international guidelines it is not generally recommended, while the German guidelines on IPF do recommend BAL for all patients with a UIP pattern as the latter may be mimicked by chronic hypersensitivity pneumonitis, which would show up as lymphocytosis on BAL (4, 5, 12) . The less conclusive the UIP pattern, the more important is differential diagnosis of IPF versus other interstitial lung diseases; this justifies the use of BAL and transbronchial lung biopsy.
If HRCT does not reveal a conclusive UIP pattern, surgical lung biopsy is indicated. This usually takes the form of video-assisted thoracoscopic (VATS) lung biopsy. The histological criteria or a UIP pattern include a heterogeneous picture of normal alveolar areas adjacent to fibrotically thickened alveolar septa, and honeycombing. Cellular inflammatory response is low or absent, as are granulomas, organizing pneumonia, and hyaline membrane disease (4, 5) . Figure 4 shows the typical histology of the UIP pattern.
Use of surgical lung biopsy is limited by its complications, which include persistent bronchopleural fistulas and perioperative lung failure in the context of an acute exacerbation of IPF (13, 14) . Patients whose vital capacity or diffusion capacity is already severely restricted (<55% of target value, <40% of target value in single-breath testing respectively) and those receiving long-term oxygen therapy have a significantly increased risk of mortality. Particularly thorough risk/benefit analysis is therefore essential (13, 14) . Bronchoscopic transbronchial forceps biopsy is not sufficient for diagnosis. Transbronchial cryobiopsy is currently in use in experienced centers; whether it can provide sufficient material at a low risk is currently being investigated in a controlled, multicenter study.
Studies on interobserver variability have shown that there are considerable discrepancies between the conclusions of even specialist examiners when evaluating both HRCT and histology. For example, approximately 10% of IPF patients in clinical studies turn out to actually suffer from chronic hypersensitivity pneumonitis (15) (16) (17) (18) (19) 26) . Diagnosis is most reliable if it results from interdisciplinary discussion of all findings by pulmonol ogists, radiologists, and pathologists, although even this results in an ultimate diagnosis of "unclassifiable fibrosis" in approximately 10% of cases (4, 5, 15, 20). Figure 5 shows the diagnostic algorithm in cases of clinically suspected pulmonary fibrosis. In view of the complexity of diagnosis and its impact on prognosis, patients should be referred to a center or pulmonary specialist with expertise in interstitial lung diseases for initial diagnosis.
Pharmacological treatment
The last 15 years have seen a fundamental change in IPF treatment. The earlier use of anti-inflammatory treatment, involving prednisolone and azathioprine, was based on the premise that chronic inflammation of the alveoli (alveolitis) triggered and promoted fibrosis. However, this "alveolitis hypothesis" was shown to be untrue of IPF, and the treatment was not only ineffective but even potentially harmful, as shown in the recently published PANTHER study (21) . This was a double-blind randomized trial in which IPF patients received combined prednisolone, azathioprine, and N-acetylcysteine therapy (triple therapy) and were compared to a placebo group. After a mean duration of 32 weeks mortality was already significantly increased in the intervention arm, and the study had to be terminated early (21) . This triple therapy, once used
Type II alveolar epithelial cells
Protein oxidation
Stress in endoplasmic reticulum
Oxidative stress caused by misfolded proteins and mitochondria
Alveolar epithelial cell apoptosis and compensatory hyperplasia
Integrins/TGF-beta WISP1, etc.
PGE-2
Oxidative stress
Epithelial-mesenchymal transition, fibroblast proliferation
Circulating fibrocytes
Restructuring and fibrosis of pulmonary parenchyma
Viral infections
Exogenous noxa/ oxidative stress Misfolded proteins Telomere shortening
Telomerase mutations frequently, is therefore no longer recommended for patients with definite IPF (21-23). There are , however, various forms of other fibrotic interstitial lung diseases, other than IPF, in which inflammatory disease mechanisms play a prominent role; for these, antiinflammatory and immunosuppressant drugs, including triple therapy with prednisolone, azathioprine, and N-acetylcysteine, are effective treatments (22, 23) . Differential diagnosis of idiopathic pulmonary fibrosis versus other diseases before treatment is initiated is therefore essential.
SP-C or SP-A mutations
Antifibrotic treatment options were developed on the basis of new knowledge regarding the pathogenesis of IPF and negative experiences with anti-inflammatory therapy. However, in Phase II and III clinical trials several drugs with mechanisms of action that include antifibrotic effects have proved ineffective (interferon gamma-1b, endothelin receptor antagonists, TNF-alpha antagonists, PDGF inhibitors) or even harmful (anticoagulants) (24) (25) (26) (27) (28) (29) (30) . One exception is pirfenidone, an orally available pyridone derivative that exhibits antifibrotic, anti-inflammatory, and antioxidant effects both in vitro and in vivo, although no specific mechanism of action has yet been identified. Pirfenidone was first used in IPF patients in an open-label observation study in 1999, but treatment efficacy could not be reliably evaluated as there was no control group (31). Next came Phase II and III trials in Japan; these found positive effects on lung function and progression-free survival, leading to the licensing of pirfenidone in Japan in 2008 (32, 33) . Two parallel, similarly-designed Phase III trials of pirfenidone treatment for IPF (CA-PACITY 1 and CAPACITY 2) were conducted using the same endpoints in North America, Australia, and Europe (34) .
Both these trials yielded ambiguous results in terms of statistical significance, but they did show the same trends in treatment effects in terms of the most important endpoints. Pooled data analysis was therefore performed (34) . Decline in FVC up to week 72 as a percentage of the target value (the primary endpoint) was significantly lower, at -8.5%, for pirfenidone (2403 mg/d) than for placebo (-11%) (p = 0.005) (34) . 87 patients were randomized to receive a lower dose of pirfenidone, 1197 mg/d, and showed an intermediate response in terms of decline in FVC when compared to patients receiving the full dose of 2403 mg/day (34) . With the full dose of 2403 mg/day the six-minute walk distance (6MWD) decreased by a mean of 24 m less (placebo: decrease from 405 m to 328 m; pirfenidone 395 m to 342 m; p = 0.0009) , while progression-free survival (PFS) over 72 weeks was 26% better (p = 0.025) (34) .
An independent Cochrane meta-analysis found a significant effect on PFS in the CAPACITY trials and the Japanese Phase III trial, with a relative risk reduction of 30% (35) . The total mortality rate observed in the CAPACITY trials showed a favorable trend for pirfenidone (pirfenidone 27/345 versus placebo 34/347, p = 0.315) (34) . This trend was even stronger for death from IPF (18/345 versus 28/347), but still not statistically significant (p = 0.117) (34) . Positive evaluation of the efficacy of pirfenidone is supported by trials that show a significant correlation between decline in FVC and mortality and between decrease in 6MWD and mortality (9, 10, 36) . However, the side effects of pirfenidone-nausea, vomiting and loss of appetite, dizziness, increased liver enzymes, skin alterations up to severe phototoxic reactions-should not be overlooked (34) . Patients receiving pirfenidone therapy must therefore routinely use sun block (sun protection factor 50) on areas of skin exposed to the sun when leaving the house (31-34). In the licensing study the drop-out rate due to side effects was 15% for pirfenidone and 9% for placebo (34) .
On the basis of these trials, pirfenidone was licensed by the European drug authorities for the treatment of mild and moderate IPF in February 2011. In contrast, in October 2010 the US FDA refused to license it and demanded further trials: one (the ASCEND trial) is currently ongoing in the USA.
The German guidelines on IPF contain a weak positive recommendation for the use of pirfenidone in patients with mild to moderate IPF (5). The phrase "weak positive recommendation" reflects the persisting uncertainty regarding its degree of efficacy-it delays disease progression but may not halt it in the long term-and its potential side effects. As a result, in each individual case the benefits and side effects must be critically considered and the patient must be carefully informed before treatment is initiated.
Numerous other therapeutic approaches are currently being investigated in Phase III trials:
• Antioxidant therapy with high-dose N-acetylcysteine (NAC), derived from the results of the IFIGENIA study (37) , is being evaluated in the placebocontrolled PANTHER IPF study (21, 37) .
• The multikinase inhibitor nintedanib showed positive effects on decline in FVC and the number of acute exacerbations in a Phase II trial (38) .
• A pilot study found a favorable effect on lung function and HRCT for monoclonal antibody to connective tissue growth factor (anti-CTGF antibody) (39) .
Comorbidities
In addition to targeted antifibrotic treatment of the underlying disease, treatment of comorbidities also plays an important role. For example, treating severe pulmonary hypertension or sleep apnea can improve the condition of individual patients (e5-e9). Strict indication criteria should be applied for the treatment of pulmonary hypertension, and efforts should be made to achieve evidence of a response to treatment in the individual patient (40) . Approximately 25% of IPF patients have an additional disorder of left ventricular function that requires treatment (e10). Gastro-esophageal reflux (GER) is observed in up to 80% of IPF patients; it is being discussed as a trigger for disease progression and acute exacerbations (e11, e12). GER should therefore be routinely treated in IPF patients (4, 5) . Reactive depression requiring treatment is often observed in IPF patients (e13) . In advanced stages of the disease, where there is no prospect of transplantation, timely palliative care should be initiated and end-of-life scenarios should be discussed with patients and their relatives (5).
Nonpharmacological treatment
To date, the only known treatment for IPF that provides a chance of long-term survival is lung transplantation (4, 5) . However, this can only be considered for a small proportion of patients, due to the age distribution on the one hand and frequent comorbidities on the other. IPF patients under 65 years of age with no contraindications should be referred to a lung transplantation center-at the latest when there is hypoxemia at rest ≤55 mg Hg, desaturation on exertion (SpO 2 <89% in 6MWT), or disease progression (e.g. decline in FVC >10% over six months) (4, 5) . Further measures include long-term oxygen therapy when there is evidence of hypoxemia ≤55 mm Hg at rest, and pulmonary rehabilitation (4, 5, e14, e15) .
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KEY MESSAGES
• IPF is a rare disease but is more common in older people.
• With a median survival time of 3 to 4 years, IPF has a worse prognosis than most cancers. Only lung and pancreatic cancer have a worse five-year survival rate, less than 20%.
• Clinical findings include dyspnea, while auscultation reveals basal crepitations. This should always be explored further.
• Diagnosis requires radiological (HRCT) or histological evidence of a UIP pattern. Known causes of pulmonary fibrosis must be ruled out.
• The efficacy of drug treatment with pirfenidone for IPF is unsatisfactory, but a delay in disease progression of approximately 30% is both possible and worthwhile.
The efficacy of N-acetylcysteine and nintedanib cannot yet be conclusively evaluated but is probably comparable based on the available data.
• The most important nonpharmacological treatment approaches to IPF are long-term oxygen therapy, pulmonary rehabilitation, and lung transplantation.
